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Mercury in the atmosphere severely threatening the
Inhabitants’ health in typical artisanal mercury mining

site in Tongren of Guizhou
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ABSTRACT

Mercury (Hg), as a human non-essential element, is a kind of persistent,
biological accumulated and neurotoxicity toxic heavy metal. Although the large-scale
mining and smelting of mercury in China has been ceased, the illegal artisanal
mercury mining activities are still existing in some areas. The process of artisanal
mercury smelting falls behind, the recovery rate of mercury is low, and the high
mercury vapor is continuously discharged into the atmosphere. There have been
investigations and studies on the exposure levels of residents in artisanal mercury
mining area, however, the studies on children as the subject of mercury exposure,
especially comparing the exposure levels of adults and children in the low-mercury
geological background and high-mercury atmosphere surrounding mining area have
rarely been reported.

In our study, we investigated the dietary habits of residents living in artisanal
mercury mining areas, historical abandon mercury mining areas, typical urban and
natural background areas, and assessed the mercury exposure dose by drinking water
and eating (fish, rice, corn, vegetables, meat and poultry, etc.), as well as human
respiratory, and the mercury potential risk on human health.

Firstly, the mercury content in the exposed media in both Guiyang and
Leigongshan nature reserve areas were lower than the limit of pollutants in food in
China. In addition, the concentrations of total gaseous mercury (TGM) and meat were
quite high in Sigian Dan area, while the mercury contents in water, rice and
vegetables is lower than the limitation of pollutants in food in China. The average
content of mercury in all media in Wanshan is high.

Secondly, the average estimated daily intake (PDI) of THg for adults in Sigian
Dam, Wanshan, Guiyang and Leigong mountain nature reserve areas are lower than
the recommended THg PDI of the world health organization (WHO). Only in Sigian

Dam, the average estimated daily intake (PDI) of THg for children are higher than the
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threshold, it suggested that local children in Sigian Dam may suffer a certain degree
of health risks by THg exposure.

Thirdly, we compared the contribution of different exposure pathways between
adults and children, the contribution rates of TGM exposure in adults and children are
greater than 92% in Sigian Dam areas, much higher than the other exposure pathways.
Although the THg contents in various media of Wanshan is compareablely high, the
serious influence of artisanal mercury mining releasing higher TGM in Sigian Dam
leads to that the daily THg exposure of adults and children in Sigian Dam area are
higher than the average daily THg exposure in wanshan mercury mining area.

In the end, although the rice, vegetables and other mercury medium in Sigian
Dam have not been polluted by upstream Wanshan mercury pollution, the artisanal
mercury mining activities continued releasing higher TGM to the atmospheric, which
threatened local residents, especially the children’s health. Children breathing the
higher TGM has become the main pathway of Hg exposure in Sigian Dam area.

Since the Minamata convention on mercury came into force, a lot of work
needs to be done to limit the mercury production and use in China. Focusing on the
monitoring and law enforcement should be strengthened to control the emission of
atmospheric mercury from the source in artisanal mercury mining area, which can

protect the residents living in the mining area from atmospheric mercury exposure.

Key Words: artisanal mercury mining site, atmospheric mercuey, human health,

mercury expourse, risk assessment
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7K (mercury, Hg) EN—FARIELF oK, —FEGRAN., EPFRR
VRS B A SRS R EEARTE, AMIERMVORTUEK G, B
IR IR BT IRFHR AN B A AR KRS . 20 2D 50 AR H AR K& = it i
KA B, A ATEIREER, Fnl& K (methylmecury, MeHg) 43
N R G o RGP R &, C42 2R 2 1R
TAEFMOGE. E M 1990 FFAEHGIE — IR BT “ABORTE Y ERR AR 217
e, TEAFPEZEEAITT 1RV M 12 JEaRorkai e T 2015 4
6 ATEERE 24T, BhAt, 2013 4E4], 140 ZANEFARERLT 4 F2RH), #ia
BREE —HRBR B R A PR A 25 O TRIAKE ALY, 1E5 L H N FLIE R —2
& E R RAE 2020 20, SEWiD> SR A MR S . 2016 4 4 H 28 H
B olmeE A NRARKSESRARE RS ksE: i 2013 4 10 H
10 H HrrhAe N RIEAE BT ARERAAEREAZLZ T CRTIRIIKRAZ). 2017 4 8
16 H T RIIKEALY IERAER, o ELERR G A= 7= FAE B 2R 38 % FAF
AT .

1 IAEREABX

R — P B R B VR R S RIS YY) FEHE S A AR A
IR, fE R K KRR EREY B E A, KA UAEAFRAES R
P T 2 22 AE M ERL IR IR (B 1-2).

AR G TR, BH LUK (Hg® MR KA. He® BRI HIK
W RECR E A2 T, — BEAN R, e mE) (0.5~2 F) fEEERS
H1 (Schroeder et al., 1998), MM Z 53R KSORMEIN, 102 IRIETS G4

(Lindqvist, 1991). KIFZIKFIRA, ARG PR BT RIWEMER T
OIRESE, HA T SR EhERABRHAN K A A2 SN, (HI TSR A PR BRI
ARINFAZE Wb s A 5 H 218 S
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The mercury cycle

~ PRECIPITATION
b

'URBAN

WASTEWE’R-

B 1-2 REAVIHERLZIEIR
(Mlustration by Connie J. Dean, U.S. Geological Survey, 2002)

IR X 3K & & 10-500 ng gt (Senesi et al., 1999), & E Y 5tX 11
KEEN6-270ngg?t (F=%,1995; ZE K55, 1991, KREZH K& BT 50
ng gt AN (HOR4AESE.1994), Tys i LR S &N ST 2, Wik E S
SR PR 3k & ik 9.6-255.0 mg kgt i HiF-4%, 1987).,

FIHERER AR U0, SUR YR, IXTERAIE VI ERAG S E 3R vt 2 B
FER . KA PR NS TR, R8Okl s B
BRSO3 o3 iR B (B - 3R Rp Bl e, w4 T LR, ok
WEERI T (Hissleretal., 2006). fEL3Er, KRG BRI, (LEdHE, 8
Gy DL PO AN B T b, S R, 0 1R — 8 S N BLRESIRIMTE
AREE KA

Pl b A 7 P (5K Bk BT IR A KBS IR s
<0.02pg g™t (WHO, 1991) ., HA MR HoR 3 B2 ey, HE 8w, il
SEMLER MOR S BT IA 407 pg gt (Wang, 2004). AR ()3t 35843 fm e F 3 B
WK AR - & E ARSI AR ) = B i KRR R (Huckabee etal.,
1983),

HRBE TR 5 YRR H 2%, — AT 43 F AR TS RIS AN A 5 el Horp
FARTE SR FEAAEE: KEsh. FARKAL. LHEROR . HRER IR K 5 55
s NS PR EBARE: R B OSEEE. WA BREHIREE . EYIRE.
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TEARZ 5 kIR v, KIS RIS T R B v TG 20 & ot Jo 3 X 455 e e
e, B EBERACNESIZ — (Lietal., 2008; Qiuetal., 2006). 24 A1k, 4
A 68.9 Jlti4x & 7 WA [R] B SR X 7R L™ - (Rytuba, 2003). 20 tH:4d 80
FEARLSK, BB MM BRI I RIS R (8 R RN R, A%
AT BRI Rk H i, S 808 RS R I RS B2 45 1. 58 2004
e, FE RIS RE BT Y. 2, KEIFRT TFRANGHIES), &
R T X R ARG, WX A AESHERIE R 7 = E IR EYe (i, Hh
Fokfk, RETE, BHXBAELS), B4 RREBQRHLITHA S —J
T, KRR R T H A IR, (EHRARIR . R 1% KW Kk S H
SRHTAE R T, Hor s R AN W ) A B A ST R . 3, G T RS G
Ui, KEM G ERTET Y, AP RBOCREEIER, SR &
A A 5t il ok B R B A A HI 3 BT (Hines et al., 1999; i) /K, 2005; %
“F, 2008; 1, 2011).

WLl KRN X 4 8 e R o B A . R TR, RS
FEAEGUE K, 1L TS A7) 23 AN W 1v) JE) BRI RS Tss TT  Hb SR 4 J 7
Yy, ZHFRSNHEAER Cn, WRIEFER . RAGIESE) fsm, [RES =R IR
Ko FRE BT IR AKAWHEN 2 R AR, & ORISR AW s X
WK R XE RS, V5 PGB K . ORI, B XORTS Rk R R
R ERIR FE BURITH i, BRIR Hh I SR BRVE BRI 3, T 2 B e T /KA SR 11 H
HAkKE S (Rytubaetal., 1999),

R LGS FE A, T LA AR R A IR SRR X ORI RS
Jeo REWESNMF LG, B XA ANRIRRERIE (n, ™8R5 Y i 3%
IR . I I SR R & 55 FREEI RS HER SR (EbIE, 2006; 1
] 5K, 2005)

WAL, RV B E KRB R TF R RIE RIS 8 CLA5 3, (E = bt X AR SR A7 7E
FHIREW LEGORTES) . BT iEOk (FERR RN Lk 28100 IR
W % B 2 A BRI AR WS A T IR R T2 T2 5 SR M EICRIAR (2,
2008), MNZHkiE . JKFVEAZITEMEE EBIME, RS, S8
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AUE CRAL #hRK, RZ LS 22 7IEFCHEPRIGS (451, 2008).
. 2 RIRBIRIE SR, SN A R X KA MR KRR 2 L3R ok &
435 FiA 40000 ng m3, 2100 ng L™ A1 360 mg kgts [AIRE, HikMoRiE st
HYG YL T ST HAR A M X M KRR R 4, HOR & &4l ik 2300 ng LA 48
mg kg™t (4°1,2008), HZ, L[ TEH0 RSN N BRI SZ I B 7L, JoH 2
VR IHRIR DX I N R L (1 fg XU PR VT AR AT iR 7

2 EANSMTRER

RAGRMSRIEEIE B RIE S N . FARE F Za R LI 5Kk
CERAK AR BEOK « MR THI 280 « AR R DAL KL 5 s 5h 45 (Lindquist
etal., 1991; Nriagu, 1989). A NUREIEM A BLEFIAE YR RE CEERTM = 5D\ 1™
FERIRITR S0 (B B AWM. K. £ TR ORIERIFFIERD
DA R 3R Ab PR (Pacyna et al., 2002; Schroeder et al., 1998). KA RITIE R4S
Yok FESRIE (Nriaguetal., 2003) . KA R E S AR B — 4l X 2 A2 30
B oRTS LK F ()58 (Pacyna et al., 2002; Pacyna et al., 2006). 4xBRiu 1Y 5
X R AURIREEZ  1.0-2.0ng m®,  Hh g ERZ)0 1.0-1.4ngm®, BEAKT-bF
BRE 1.5-2.0 ng m?® (Ebinghaus et al., 2002; Lindberg et al., 2002). RKEEKSHE
FPIJEEK (Hg(0). EMHEAEK (RGM) LLEFRIZAK (HgP) AL, H
F1, H(0) & KR M 2B 7 (4904 95%).

FETORME BRI MRS A HBUR (Hg). Bk (Hg*, Hg?) il
ALK, HBEFERFEMAEEERBE AR,

SAARPFURMBEEEEERWMANMEREE, KRR IPIOE, Fid iR
MENMA, ERTHUESHL BETH. WARARKZER, RAWRDHIH
RMBTERE RN, BEAP B A RE R — 8« SRR LR 5, FB R AR TR
RIVERS, KB BEAEN KRBT BT HEA—ERRRE, WG
AR FE N, I 5T FEARESAE CnEE, s ke MER
IVRIAEE INIE EE2S I EE S DB

TARAEDD T A G, — A2t BV IR 915« T R ge it
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AN, B5EASFHRIFE SH) 44, MEER. RKEHK (HgCh, &
RS, AN, DEHRAEEZRFRN . KEHETHK (HgCl), HiETK,
FEMER. THUR T ERER F AN K8, BEEE. iCIZ )10 . MR ELA
WIRZEE% (FR4EFE, 1991, Risher et al., 1999).

HHECORIEAA IR FER R, —, HEMRoR, REgeEEEER, )L
“F- 100% 4 V4 A4 1) 65K B Bl R O N IR (WHO, 19900, &5 A7 T4t i Al i
=, DRI IEA DI REAIE, MFE ARSI RG . PRI RIS
EFRORT . Wr Jp0scR . 5 S WA MRS, @Ak, EEH ST, HAEIRER
I BEEME ISR IR )L, SR LA R KRR, S8 LW (A, 1991
Risher et al., 1999). 1953 4F7E H A B Fl w1 AR A B /K (RIS R AR HR K A9 72 th:
FEF— ARG i K e RE G, 2T HER P ELIE, KRN
AHRI T, RET S 50BES, F5HEA GG RANEE. HHER
Vo BEHRR AR S FE o Tk R RN Th BB R M 2 R, FHAS T
RS PEANE A, A T S A ERIIASE .

MR AN AT AR B PR AN, TEHUR S A E M R ALK EEF .
YRR > TN TR AR FPFRAE ] CRZSD AN, BRI Ah, i —2moK
BB (15 R At A P R JRR R KRR o SR A8 RV, BE N AR IR 7
VRO 100%# Pl itk N ML, RS 5 4 i A AR E N R P . BRJTURAE
I3 Hh e B S B B BOR B 1 (H?), T Ho?* B A SEBREE I . Bt 4h,
TERE AR, I AR (2K 28 AR 25 5 T8 Iok o e i N KR, o J 7 DK 4
WNFEIE T AR Ho? o AR i) 7R 28 o AR R Z A RAE Wk, omidid
PRGAE ARSI o R ZZIRAE AR 892122 BORME Y 15-30 X (Clarkson etal., 2006

MR FEAMATFHEME T KRR TRES S FEPIRMHE R
Gz BRI FIREE. B R TR HEEIAES, KIR, 12
23238\ PG FR B ML JAOH L R LA D RE AN Skl AR R G 40 42 7 1 5
T B B A FRER 5 JEAL R AHE] (Clarkson et al., 2006 )

TR E A R NA W, X LE e H T E, L EME RGN SR %
WHIEERE RS, TAEE PSRRI E R 5 52 8K EE N
AR o I LA ) L2 AR R R FE 1) 22 6 7T Re A 22 3R Ge IR 45 A6 RN D) e 7 AR VR
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ZEF o

3 WICEBIKE LR FRANE
3.1 EEKYE

ST BT WoRE X S B8 AT T BORIRN BB I, S MR TR IEZ)
PSR ARK, A I s id I FORERE W BI85 . KRR RS B IN b L e
K] B AR BT T 5%, A 5N SR X MR PR B IR S YA H PR E, 5 AR T LU SR HLIX
KABSR RS ELF 1.1x10% ng/m® (Qiu et al. 2005), HuF/KAR Bk & EiLF
1.2x10% ng/L (Horvat et al. 2003; Zhang et al. 2010c), &M 3 8ok & &1k ] 790
ug/g (Horvat et al. 2003; Qiu et al. 2005). A2 F|FGT 18 )5, KAKKEN EIA
7.29~139 ng/m®, 1 KIRHKE =ik 81.6~4.25%10°ng/L, T RS &E A 2.79~510
mg/Kg, 3R & EEIA 3.06~2.92x108 mg/Kg (2 7 %%, 2016).

3 L2t B R K R B T RS I, S EGE R B B K. BT
HREMNT T HERMEY, Tk, B, & B T 2R, L. mER.
o JICRBRARU R R 1) 2 i, 45 RO IURAEVIRE St il i 20 R B i ik 2.41~95.4
ng/Kg, BT A7 AR RO HAR A ROV AT MR S Bl TR (i
24 FhrE (GB2762-2012)) (4534): 20 ng/Kg; iist: 10 ng/Kg) (4%,
2016). P45 (2006) KIMR T AKIAR E T sk BRI T, SR
R E k= (1060 pg/g creatinine (pug/g Cr), EFIEMKILH IR BEMESEHS AT
HILT BRI, RICN TR BB, U AR i SE 2k

AR O BT 5 5 R B B KT R AR 7T, (B L 10 ) L3 AR ok B 55
BTN 5, JUH R X AR TR 5 T 5% e R RSB 0 b O AN ) L2 1) R
BT E DA RIE .

SR, JLE T2 5 % BIR B EE IR, TR nIEIE ) L ¥ (i e R
MM B R AT RE 21 L AR A RAMR F o toh, RIMERARE KT
KRB, MR S BULERMINME R E 7 JLE L RE N 5 Z 3R 25
RIS T TR AR B 2R I5 Y & Cnfa sk & s R L
PRI E AT ) LE SRR NS B, 7T A2 S BORTE M AR X
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WA JLE MG ARRGERTE TR 72 0 2 12 ZEFHIFIRIEZR) 452
L/Kg/Day, JUT-72&RaFE NFFIGECR 5 (232 L/IKg/Day, Layton et al., 1993).
e (AU S R 2 2 S BORTE ) LB N 1) 18 A AN S B B TR R o )L 28 s (1 T
AL PRHOPNTE ZRAE: BRAENRE S FBULE LR RN 2 064
JLEE B i AR, PSSR T, 5 5 RN e R R (1 TR R 2 O S R
(Davis et al., 2006; Ronen et al., 2007); 54h, JLE—SA R SR iz FF3c+
W SHEEN IHg £5 (Guneyetal., 2010; Ljung et al., 2007 ).

DAAE R 2 88 ST, AT R KR AR, 0 L f i AU I 5
M, [ 2017 £ 8 F 16 H (R TRIMIKMAL) IERARBLIR, HHSBUEST]M
IS T EVEARORIE S AL T BE o ASAIT R I 53N A ok I pr ok
HORIKE, BETK K= KE. WRERFEN TR RS E0 5,
SFEE T AN F] B EE A B RISE , ZRG PPN T R KA B LB R 2 B 1 - LA

32 BIAAE

FEFATHIBE T, BATERE 1 DU FTX B> H RSB 7E XA = A2 X
PAARER S2 AN [FIREE oKk TS Ae X
XPYAHIFE X 2359009
1w AR IR I T (AR 32 310 IS s R T e 2R KRG R ) 3 34D 5
2. J3ih CARERBZIRA™ IT R AN JR s 5 i AR 4L X
3. BtFHT (RETTEOGAED;
4. EAWERRIIX RFRRZERL ARG R0 XD

FATE 1 VYA X BRI 2L, JF HvRAl 100K, #E (i, IOk,
B G WRMAKESE), BLRNRIFRAE X TR REEDL, P 7 el
X NARAEE R AEREM o HEAL, FATERT L 1 BN LEE I HE RS, X T ik
AR DX LB A B il L 5 B 22 R R
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B_E BRAXBROL SRR RE

1 BRI

SME LT EPER R, =t RS, A5, o A E AR
1.8%, EERPREIEYNKAE. StHERERIEAE, TR RovR M, Hi
oK A B 4z [ ¥ Az, 3% 88000 M, 25 4x[E i E Y 78%. ASHIE 7T LI VY AN
FEX: ®IRTARIL T X S SRR 2 th AR GRIP X AL T 53N B BE A o =R
RIREARH T 5, H32 R K R i X 3 IR 327k T RiB Hx
SN SERAT Y BTN I =, ARSI I X3 7 2t B 2R R IP IX
EERZ EIENIE S 5 Xk

0 50 100 Tk ® i
| I —

s

B 2-1 SEMARCHELX LR 2 7 R A ANSTH R IR R4 &

A ORI TSN BT EL LE 2, BT ok X 30km, f2F77 il
R IX A K NI B R, S HIARZ0 0 300 5 m?, SR ARAT TSR T ORIX .
) F ORI ST 10, IR IR, S (A, S A T L AR AT e A e



5 WL S R AR

CHRAT T KRG SRR UL A PR B X 7 AT T SR RO e B G 3E) 7 3
7 AT VT XS R X 7 SRR TREse it . [RIRE, R0t
AL GRAT U, AT R AR R T IR TRV A 0T AR BL R A 5 R R
FRER 3 KORAT, ARk 600 24 MR BHEIT RIG I 5o BE K BEIR KB WA,
¥y, 2002 4F 5 H S BURME AT . B2, EREINIFERERES, SRES. KR
RS LT EIEHR R B RS, 1EK AR IIERTT, X LA ST 5E
JT B RIR o B R R AN R TR B AT A N R, N BLR I 2 . b
AR EF B JR 0T YRT 7KK ) A ORI AT R s R, K S SR A A
M, ERCETRT R IR Hy V5%, & Hg RS MrARSa KA~EE. AR
TR BRE W KPR E N R, s T R TR R Hy V5. R ETRI
ARV ERR IR HE & Mn SR L PRRH PR SR 5 3R] BT ORI 4 Min 75
B RN, 2017). BATFTEFRI SR 305K 3 BT =] 5 RIUR P I
i

FlX, #EFRMEH, LEOHTRBGL. 2. e, Bl T
1842 km?, 2013 FF4FR, S A 16 Ao 3 X AP KER T A
B B KRR Dol AR p= ik tth, 5o “ i EOR# 7. TSR N RPR BHIE R a6 T2
], WA ) H TR, KRS KRG R se ik 630 4. 20 4D 50 4
R, BEZEET IR “SMNRE, FFERHE. IEMAITE. B 20 4 80
FA, BEE KRR WAL, RS HgE/N, % 2002 4F 5 H ORI SE
BN SCPE 7= o KM L T RIEBE B 1L =027, BT AR
B, WAERA, XCYHUEREIE AT T E IR, X EOY R R R X
JUE KB RN YR ERIE h EL & A5 7=, (HZHL X AT A5 /D 30 0 SR BE VA IR AL 7= R
BEkAT, MITINEE 7oA M3 AL AL MG 3, R (T ReBf Mk B3
RAFIGR, RHZHL X AR ARS8 R a5 O 5, 2 IX Ry R 8a
X

SHTT NS E 2, RRMEEBUA &3 S0, RS E O, 2
VR 1 X B T A RS AR AL Tk Rl R 5 SR IR 5 L, R PR X
T2 —. SERHAL T SR8 i, HiAb 748 106°07'% 107°17', b4 26°11
£ 26°55'2 [A], GLAIAR 8034 T AHL, (SN 4.56%. 2016 4, BrfHAE
KEAEND 480.20 71N, FFHNL 474,94 Ji N HFHHAN =55 R B vl R
FEgh s, KITSERIT /KA . SihATE R . RIUE. HIRREm 8,
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BER, Rk S5, A, HEHAER . AHXT 2 100-200 K, R ELEK
PR 53 10, gk 1659 K S fICAL/E R BRI 554k, g4k 880 K. R BT H P
P A ARAEATE T X, SRISIEI AR L) 5 77 X TR 70%. 53 BH T4k = 7E 1100
KA, AT PRAB/RUGLRE, W A2 00 R s, T AT iR i A Y S A,
)RR 16.3°C, AR B i D 35.1°C, AR AR IR N-7.3°C, AR
SERFARIREE R T7%, PR FEKEN 1129.5 oK. STRH 2 g 2 4,
R P E ORI R B, EELURIDICN T, e KGR
RIBERX . PRIpOEREIMIERX . REIEZ 50 B OEERX.

BAWARRY X, AT HME MR, £ L. L. 810, 80 4 &
Z I8, Bt BRI X 1982 48 N REBUMFE#EE L, 2001 4 6 H 15 E 55 b
AN E XY BRI X o AT 5 AW, feslgifEik 2178 K, ZiE/KIL.
ML )2y /K0 o Hh PR A7 B AF 4248 108°09°-108°22°, b4 26°15°-26°22’ 2 [H].
AR 47333 Abil. TR 2178.8 K, JEKILRIERILAESKIE, JEif/KILM
AT K R EESRM R EM . B 71 IR XNEEE A2 40 75, 90%
SR T L XK SR S5 M RE, K SCHLT 26 AR 2%, K BRI AF & B 4
PRRER, RAREK MK S R /KBRS & A LA o 7 2 Ll A o 2 X 45
HAREE R S KIS, o FKERE, RRHEEZEE, FEA
K KV ISR EY, FLid e B /K HE S i v, KSR E R . A
DX Je8 T ARy 2= UL IR S X . B A TEFm9E . H G2 WY& ARl 1A%
R A A (1D FEIRLTR-0.8°C, 1L 4-6°C, i (7 A) LT 17.6°C,
7 23-25.5°C, H-FIEAE LT 9.2°C, L7 14.7-16.3°C. HIYE =10°C 1HEs:
H¥, A 200-239 K, WA 158 K; =10°CALUE, 1LEEE 4200-5000°C
18], LTRAN N 2443°C o BR 2 LLiHb XA 19 3 B2 S ) S R 1) 22 e . AR
BRI EIREE 0.46°C/100 K. A2, K. JAIRIRIE. R BZE, .
AR AR mE. FAWLMXWRERZ, FREWNEASTE 1300-1600 2K
. FEUR. HERKKRZ, Mk, £FRKRD. B4 4 A8 ) &4
BrE/KEIIFE 150 =KL b, o, BEKEEHH 5. 6. 7 =4 A & H B/KERITE
200 =K LL o HTEHEAWLE. G KEREFE, URRBZE, REZFZHN
A KR B IR T R ARSI
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B E WAL SRR R AR

2 FEARE

FATT 2017 429 H 20 H~28 H. 2017 4F 10 A 13 H~16 H VL& 2017 4¢
12 A 3 H~15 H, XIaEpiAIIRSK (TCGM) K EEHHT I, K B3 &4
H 2l 71X Tekran 2537A. X T HAth BT 75 (0 80t FeAT 1828 i SCok it i e st
ITHEE,

11
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B=F LIERBFITRIRRK

JUE BB KA R T R AR IG5 3 © 45 3, (@3 X AR SR AFAE B AR
(VBRGSO T PR BRG], A B R At N — R LR AORYE
SRR ) 15 3 N RS HE R IR JEE (R 287

E 2017 SRR ZE R4 2R, AL Tekran 2537A 4= HBMIZRAL, M T 47
THUZTHENLIX LR 2 AR IR 7 Kb KA R (TGMD IR EE, 1% B R
TGS EARAEA T SR I AT, W] 3-1 B e BTSN 30 AR SORIK FE R
s S RUABAE KRB A W S B AR (0 30 A S 3 IEAEHE T . R F K
SRR 3-2 FivR, EREIAFTR IR EE ik 1547.8 ng/m?, I
FHAB =AW 5 1lr, BISZ 5 50 R A FF RS0 s 5 PH , B3R 7 %o i X 3
T, RERZEHENNIEZNF WL FIX ).

B 3-1 ArTRBTRIUE R T E 1 HIEER BT

1 RIRAEHIFTRURIKE

F ORI VG 5 B i T2 8 1 LG AIE s s, HORASR IR
ik 1547.8 ng/m®, =T KA (3.58+1.78 ng/m®) (Wan et al.,2009) FI5TE 1L

db =,

(3.90+1.20 ng/m®) (Fu et al.,.2008) ZEHh[X KA RIKE, it T &Y 5H

12



= R ITI RO

(1.5~1.8 ng/m*) (Valente et al.,2008). HAh =5 X Tl STRHAE ALK
AR (TGM) [T 143K 5 4351 v 93 ng/m®. 10.1 ng/m® £l 2.8 ng/m?® (Zhang et al.,
2010; IV et al., 2005; Fu et al., 2009), tHb43REE &M (1.5~1.8 ng/m®)

i

o

> Air Hg’ Concentration

4500

4000 . . -
— 3500__ © 02 %é: T (:)o 8 7
35 i oo (%z; =) @ °
Sawoo] € 2 & 1 5 3 -
S ) o g B8 og § o o &,
S 2500 ok ggg % %?go i g%%c osg %0 % 4
= & @ & g | g % A
© ° o o %o
Eawl sl TR SERE L
S 1500 Q%;o'fooa%’ 5.5 c e Z%@@ ;%]
S ol E Ak e AR
T 1000 ¢ S § 1 & ode T o |
= Seg o g: %O ©
< 5043 o o 1 % -

8
04 J i
007923 20070925 20074012 2017A0/15 2017/12/3 2017127 2017112111 2017/12/15
Date Date Date

B 3-2 BRI EIEHRE T T HRREREKE (ng/md)

) F ORI 2R 3 i R SR MR P R ARFALE 2 B2 52 LR AoR I ] 3-2
BN KARHAEERTE 0~4000ng/me 2 7], 32 T AN 52 sibl /b 52 31 ik ok
SN DL VR ORI B0 TGM IR . TGM IRJERFH7E B4 6. 7 SiAA I
R TS, TREM T iZhIX B 6 A4 HIR R e, ml A e
RERIZRAES, FEORTRIREE R IR MG BT &, T B R F AT ] 2% 3 X
[RRAGRIREE . 2017 429 H 23 H~26 H. 2017 4F 10 H 12 H~16 H L} 2017
F 12 H 3 H~15 H 52 3ok ™ H s e i 1] B .

2 TR B KSR BER R 224

AT EART T T R T AI LBiR AIA BTRSUORBEE I (] 181, 72 9 H 24
H.25H.26H, 10 H13H. 14 H. 15 HfM12 410 H. 11 H. 12 H, KX
FRAF /NI (RIS 500 BE B I (] R AR Ak, a3 3-1 FuR. 2 Ly is st sgm, 78
fE9H 24 0. 25 H., 26 H=R, RAURIKEMNGE RN F A6 THE, RN\

13
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USRI EIREE, O F Y% =T i MR PRk FE S i (7T i 3725 ng/m?,
H P S35 2000 ng/m® ZE47. [RIRERY, 72 10 F M IEIIA 8 R2rdt, KAk

WREMNR RIS FOOFE TS, B Es B sl 10 H 4 IR =K

()R /NS S 2 e JE i v 1B ATk 2867 ng/m®,  H 2453k B B 7E 1900 ng/m® A4 . 12
H10H. 11 HL 12 H, RERRAURKENF RIS fOTIRTH&E, fERRILA
ROk 30 B i B, =R AR /NIN P33R B B AT ik 2939 ng/m, H P IIK
7£ 2000 ng/m® %45 .

R 3-1 ARARIMEIEGIHFGTR/ITRKRREE (ng/m?)

e/ 9H24 9H25 9H2 10413 10414 10H15 12710 12711 12712
H A H H H H H H H H H
0:00 324 883 2301 1138 1543 1477 1295 1229 2216
1:00 292 1005 1978 1261 1968 1852 1082 1967 2112
2:00 1825 1171 1806 1921 1407 1602 925 2576 2220
3:00 1877 1085 1681 1055 1592 1473 1470 2642 2264
4:00 1781 868 1812 749 2374 1275 2011 2628 2251
5:00 1574 1057 1802 1107 1864 1400 1802 2617 2171
6:00 1413 2141 1641 1719 1823 1247 2103 2684 1922
7:00 1494 3188 3084 1405 2012 1582 2561 2783 1820
8:00 1864 3725 3442 1660 2616 1829 2582 2861 2118
9:00 2998 3303 3203 2518 2381 2104 2586 2939 2386
10:00 2388 2845 2991 2447 2180 2089 2477 2647 2319
11:00 2462 2538 2794 2867 2546 2265 2284 2794 2098
12:00 2714 2394 2682 2188 2741 2354 2228 2727 2053
13:00 2188 2349 2374 2248 2411 2510 1992 2616 2028
14:00 2299 2265 2209 2231 2055 2258 1906 2452 2087
15:00 1573 1986 2608 1992 2115 2078 1829 2263 2285
16:00 1779 1585 1985 1488 1862 2470 1496 2011 2121
17:00 1218 1701 2039 1368 1922 2064 1505 2080 2443
18:00 1123 1083 2137 916 1574 1693 1378 1908 2204
19:00 1133 1170 2286 939 1584 2038 1227 2297 1941
20:00 1194 1162 2160 954 1500 1704 1121 2323 1815
21:00 1093 1407 1983 1628 1978 1651 1074 2166 1637
22:00 914 2589 1952 1726 1283 1352 1021 2153 1573
23:00 827 2265 1996 1996 1065 1197 1016 2098 1765
YN 2998 3725 3442 2867 2741 2510 2586 2939 2443
H/ME 292 868 1641 749 1065 1197 925 1229 1573
FHME 1598 1907 2289 1647 1933 1815 1707 2394 2077
AL ng/me

14



B BRI UK

A R AR VB R o RAOR I, 9 H . 10 AR 12 HiX =4

FIR SRR BEARN Ja B (0 323 RISl B DI AE 5, 380 R AR A AR DY T m R I {6

RITIRBAT IR RIS, fE5 R\ JLR IR, KAORIREEREE . hTBUFI

fEC W ZRIE VRO, JE RRER RO T = firf 2 AT e s s, Bk

VRZR B R P S N, B AR B e A 35 S ™ . A [
RIS, FR 9 R 12 /1, XA IEBL X T AR5 aFH R K.
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BT fFRKRERRERR S

DAAE (R 2 i B P, R T i A KR AR, G A2 ) L2 e R XIS 1Y) 5
M. H 2017 4 8 H 16 H (KT RMIKR ALY IERARLIK, FHKBUMHBTTRN
TNBERS T- L MRORIE B RBIE: T BE o FRATTHRE B B ORI B 48 Hofth =~ X35
(Filiy SERHANE 2 )BT T XFEE, ST TR AR R R s, e T
X B [X 5k 1) s AN LR ) 7 B i A BB (PDI) A& 35 R (B (THQ) , #8735 1K el [X
HIA R AR 2 e 42 2 5 B AR BRHE. BAAT S, AW 7eidsd i ok
W HFEHX FRSR KT, MET K K= KB WRERBEN T
I ECR B, X T AR FE BB IR, LEE VPN T mR KRS LB R
T e RFAIE

FESTIMA VAN X8 ) BRI ROk P, T3l IX L StBA T AN 2 4R
TR X IR TSN BE N o FATRI L i AR ARHL T3S 5, (HZ sk K
TGS X35 AR SZOR A TT R R (1 X I SRR TIT 9 BN B
o, AR R XA & A L BARTRIP X, AERRZ BN IE SN 5t
X35

1 REENMETE

BUAE TR R (R 60 & JT)F1 LB (R DL 25kg THAD R (THY) H ¥ %
#& = (PDI, probable daily intake)fiti i1~ [ A9 2 AT

PDI = Z(C’}"Hg X A X IRi)i=air,water,rl’ce,vegetable,meat,fish,poultry /bW

Hr.
PDI—:H BRI E (Boa/ T3/ K, ug/kgld);
C —&NTEKRE&E;
A —— NSRRI, JoHLKEX 8%(Horvat et al. 2003), KK
HX 70% (Gnamus et al. 2000);
IR —— &R EN TN EE,
Bw —{AHE (60 T 7).

16
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AL AR B DL S AR 0K B 8RB R 2R AN T (1) B R AN IR
(Barregard et al., 1995; Batista et al., 1996); ()il RN 9h) £ i A £h 25 5%
A7k (Cheng etal., 2009); (3)ididt fz KB AR IR 7 (USEPA, 1997; WHO, 2003).
BeAt, IR E R DY 60 AT, JLEFEIAE RN 25 A

2 FRENFHTHRTE

Z kAR 2010 BT JTVE (5KAE, 20100, FRATE B 1T HALE =] AT
T HE T TLX . SRR A A L AR X R, SR X )E
[ROR % Fa I &A JHUE R B B ANER 4-1 Fvs . SePR T AT 2 Ll E AR AR 37 X B A
[X % 5 8 /1 o0 R 2R 2 B MK T R PR £ ot 22 4 T Kb (Rt s e PR D)

(GB2762-2012). A Hi KR T RKARIRBEFIRR SR & B mZoh, Kk, 7
K BRFERI LR & BT IRE & & s YR & (GB2762-2012), H KUK
(R B2 1547.8 ngim®,  PAISEMPIRER & 808 146.2 pglkg. 2RT, 73 LLGRE™ X 45
B T R RT3 B 0 AR 1 FEOK TR R 78 g/, B A TR A 130 pglkgs
KR RN 220 pglkg, &25E0K 160 pglkg, KoK 93 ng/m® (% 4-1).

R4l RREBERMEIRANSN R ERETE

IR THg
HRTRIL 5 5tFH wmAL PRAE
Kot (ng/m?) 1547.8¢ 93¢ 10.1¢ 2.8
K (ng/L) 2.0 50¢ 22 1.5¢ 1000¢
[EF/S (ug/kg, ) 9.5° 78¢ 3.99 3.2¢ 20¢
e (ug/kg, /i ) 155.5P 290K 80 66'
Bie  (uglkg,iEE) 8.5 130°m 3.89" 2.5¢ 10¢
W2 (uglkg,JZHE) 146.2° 220™ 1790 1790 50¢
KB (uglkg,/EHE) 114p 160° 399" 399N

Abbreviation: DW, dry weight; WW, wet weight; SQD: Sigian Dan; WS: Wanshan; GY; Guiyang;
LS: Leishan.

LT, PG ARTN etal. 2017); ¢(Zhangetal. 2010); (3K 2010); © i KBR#HIME (GB 2762—
2012); f(Feng et al. 2004b); 9% {&; "(Fuetal. 2009); (T etal. 2008); I(Feng et al. 2004a):
K(Qiuetal. 2009); '(Lietal. 2009); M(Feng and Qiu 2008); "(Cheng etal. 2009); °(Ji et al. 2006);

P(Yin etal. 2017); (=LA etal. 2005); "(3KFF et al. 2005)
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3 RARNJLENHRER

RAE SR (TH) W H R EEEPD) T H AR, SEZRENMTPNREE,
PAB N SR MR, TEHLIR R i3 L 8% (Horvat et al. 2003), KR
W S % HY 70% (Gnamus et al. 2000), FRATTUHA 7RI ACREL. AihX . StRHT A
AL ERES X R (60kg #RH) FIJL# (25kg R ED Sk HREFEITE, Wk
4-2 flt7R .

p=i

e

R 42 ARIRBBERA (60 ATHAE) SRS HRBEEMSEEPDI)

I UL ES RORMTHEEANE (ug/day)
] {i R il BtPH mAL
Kol 20 m3.day? 21.67 2.604 0.14 0.039
K 2 L.day™ 0.0003 0.008 0.0003 0.0002
(EPN 600 g.day 0.456 3.744 0.456 0.154
Bh K 368 g.day* 0.25 3.888 0.25 0.074
AES 79.3 g.day! 0.927 1.368 0.927 0.108
S 1.2 g.day! 0.015 0.028 0.015 0.004
& 4.99.day! 0.045 0.061 0.045 0.0152
it (ug.day™) 23.363 11.701 1.833 0.394
(ug.kgtdayt) 0.389 0.195 0.031 0.007

A BRIV E R A BTSN SR H 2 85 5 il HE 7399 0.389 pg/kg/day, /2
T3l RN IR H R T B I, & 5t PR A 1 AR X A 10 %5 LA BT L X
S BHTTAER A LU B AR LRGP X = AN X %R 1 N PDI P34843 531 2 0.195. 0.031
J 0.007 pg/kg/day) (£ 4-2).

FIFERT, & BRI VER R S BT LE SOk H B B 2 A5 HHF 8 1671
ug/kglday, EEFHETHE=AREX, X, SEAAE A L ERRP X =A
Hi XX B[ ) LEE PDIF34{E 4 34 0.205. 0.038 A 0.010 pg/kg/day (¥ 4-3).

18
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R 4-3 ARARBBRBEN BT ILE5 A E) SR HREEMLEEEPDI)

I STy E KIR I H B £ (ug/day)
AR 24k SQD WS GY LS
Kol 40 md.day! 43.337 1.295 0.28 0.078
K 1.5 L.day™! 0.0002 0.006 0.0002 0.0002
ek 280/250 g.day 0.213 1.747 0.08 0.072
i oK 146 /250g.day ™ 0.099 1.52 0.05 0.03
ES 24/50 g.day™ 0.281 0.424 0.068 0.033
GBS 1.5 /50g.day* 0.019 0.035 0.32 0.008
& 8 /50g.day™ 0.073 0.102 0.156 0.025
Mt (ug.day™?) 44.022 5.129 0.954 0.246
(ug.kgtday) 1.761 0.205 0.038 0.010

A(BPHE SF.2009); °(3k4xib., 2017)

A
2.0 4 B L
=
g
-
=]
8
e T 0.57
T 1
Gl Jith B EEAl

& 4-1 XA K4h)L PDI A
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4 ARARBSRIITTIRE

N T B BRI SO [ (1 2 R g A AR KR H 8 B2 5 (PDI-THQ) (1 5Tk,
FATLAGRIR B A0 PO 72 IX (4 7R H B g ik AT T b, il 4-2 Fiss

RN, F AT RI VR BRI T RS G B T R R K H 25 &
(PDI-THg)[J 92% LA b, @it SR, KoK B, 28 FKEMKM L
RFEEAT 8%, KAMLEEHE T /LX . ST RIS AL B RS X KR 5%
FRMLLE . 5K, B3, AR RARIAIZERT 5 8 R IR H 255 511 99%LA
b, HPEERE S0 E RS, EiE 33.23%, Yok, fSERI &I &G I L i
1K, 1 F 0.83%. STfHTTIX, W2, FEKRIBEEAT & & IR SOKR H 5 82 5= 11 89% LA
b, HP P S E R K, @A 50.56%, KA. K. SRR &P G I
PN A 10% 7545 o B th BAMRY X AEK & & RAOR H 2 B s b s,
% 39.04%, HUGRRZE. BHRMAKS, 707k 27.38%. 18.76%. 9.89%, TIK.
BARMEE T H I ERRAML, A5 A 5%, (Kl 4-2)

ae P 3.97%
) Fi Tk195% Jily ﬁ%ﬁ
A 1.07% 33.23%

1020.06%

%5 0.19%
A& 0.01%

e 0.83%
22.25%

33
13.64%

L2 S
39.05%

" AR Ak KE
2?35';/» 7.64% 3.29%

B 4-2 AR EEERZ A, ALK, SETAEALERRFEXRA S RRER
Xt bt

20



VU oK B R G A T4

VU IX B JLE T &, 7 AR LR SR B i S 3 7 LE SR H
8 (PDI-THo)1 98%LL |, T &R, KoK, Bk, 2, KEMK
R R EAR 2%. liHIX, FK. Bk, KA E ) LE LR H &
BRI 97%Lh b, HPRRK G E R R, =ik 34.06%, POK. BEMEKEN
BT LB, X 2.87%. BtRHTITIX, s, KA. K& BKHT A LEE
K H R ER R 87%LL F, H P L EROK, ik 33.54%, MWK, B
SEANPIRAUL T AZE] 13%. 752t BAR R X R JLE SR H 2 st
B, wiik 31.68%, HUGRREK. WK, B, FEMMLE, 7305 29.24%.,
13.4%. 12.19%. 10.15%#1 3.25% (/& 4-3).

=7as P 0.64%
] j(ﬂﬂ ok 0.48% Jitli ﬁ%
s 0.22% 29.64%
E#H 0.17%
8% 0 040
K 0.01% Bk
34.06
98.44%
iy ] wAL

Pk
7.13%

[

: )
5.24%

16.35% K

29.24%
ok

8.38%

0.02%

g
29.34% 31.68%

B 4-3 RIRTRIMEIESHRG AT ALK, BETAEALBRRFPXILESRREER
Xt bt

FLR RSN AN LEL A5 AS [ 2 R A B D ik, i A KUK =0x AT LEE A 7k
H & F2 Btk 1 92% 0l b, mamlid HEdie )&k maEalX. 5t

~ L

BH AN TR 2l E AR DR X, R/ LB A ok H % 5 5 Dk ) K T N ok H 2
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STk, HFEE— 5 LE R A T R, FK AR H e HERD, (H2ER
K. ERWHERARMK, HIEREEMULHMA TS 75— LEA A
PRI, (AL LI H PR E R B 2 £, B SBLEMN KRR R
TN e BRI B K AOR S & lm, BT LAz X o N R LE IR ok H 2
Fet (PDD RT3 LR X K~ A1E .

5 &Fxt B LE H R R PR

A RIS s ok H 2 5% B SE~F 1 9 0.389 ug/kglday, T/ lX .
BATH AT A BARGRY XA L X SERR AR 2 i BRI X, s sk B
REEEIIHAT, RITBHAE AL BARY X 10 5P L, FiliX. SRS
Ml EAR G X = A XS N PDI ~F3454E %3 504 0.195. 0.031 % 0.007
ng/kg/day. = HTAI)LE SR H 28R S E AT ZRE, REesTHE=EA
BHFCIX, JTIX . SR TTAIE At SRR X = A XO6f B2 )L PDI ~F334H 43
)24 0.205. 0.038 J% 0.010 pg/kg/day. (& 4-1)

5 A H 2 R R ok H 5% R i K PR {E A 0.57 pg/kg/day (JECFA,
2010), ®IHTAIL FliX . STPHATANTE 2t B AR LR X YA 9T X e N ok H 2
BT 2R B2 = BT R L#E SR H 25 83595 T 0.57ug/kg/day, F R
b ) L2 W] BRI — e R B MOR R R A X . LA S AR M IPIRIE, (RAE4)
LI H PR S NI 2 £, T Rt A S EULE M KSR BB E & T AN

6 HIEHARIPITRAN ) LERKEHF R

FATLA B 7 fG % 718 (Target hazard quotient (THQ)) Ak HE, F-M T AFIKZ
Fe i fe ot N R i E . USEPA (2000) 4R 155 THQ R k. HikA
B3 BT N A0 ) L2 38 N AS [ oK 2% 88 A ot 10 6 35 P A ) 5 I I 25 VP 4 1 S
(PTWI)ZEAT EL o H T3 AN i A o 1004 i 48 i 4 8 R AR AL T A4, 81 B A
RS B R . TE S IR AR U, 6 55 P B2 AR Chien et al.(2002) &
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B TEE R, AR08

THQ = PDI/ PTWI

H.rf, PDI (probable daily intake) A&7k H¥## &, PTWI (provisional
tolerable daily intake) il 25 VF4E H g, Bt A BAH 2 W e Rk H
2 i KRB A 0.57 pg/kg/day .

R 4-4 AFEBFILX RS RAN LE K H{E

SQD WS GY LS
5PN 0.68 0.34 0.05 0.01
JLE 3.09 0.36 0.07 0.02

AR 3R ok 3 SRR & B R RI X DY AT T X R A
FRNAT) LB G T R (E AR 2 B T BRI (R 4-4), 7R BRAKIE E R S<, X
w AR R I PR LR (0 fE 5 N 3.09, ] ILoR* it lkIn it JLEE I
JEFERRTE, HEHERIAAB X 28, 1R T2 063 I DT =ik 98%
P b, KA iRk 3 ) L3 (10 6 3 e 9 ™ 2

7 R B IRIL

KA A AT KIS R I BT R L3 e = B OR R B &A%, JR RIAE T+
AR ) — EE RN AR I VR a TG S RE ST, X BB RIS S RESRE IO SUR
KATR B E i1k 1547.8 ng/m3. AHF]FT ORI AL T 1A X0 R, KR, F
K BRI EIR A B IE TR E A 5 s B B (GB2762-2012), ffifd kK
RORBCON S B R B TR N ik R B IR A . WROZH X P AR LE 2ok H R &,
A ILER R H REEES 7R DAHASE N ER Sk H 2% s KR
#{5 (0.57 pug/kg/day) (JECFA, 2010). A WAEZMIX, KAKXT)LE i fEfEE
JuereE, HIREK AT RER ) LE AR HER A BIFREK . 38 I8 K& a2 I,
FELEA B RE, (2L HIPRE R SR 2 £, FTRet R4
HULE MW KRBT & T AR
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FERATI IR T3 Ll X BRSOk 2 B B B 2848 (32%-34%), X FIGK4E
(20100 HBFFREE R —3. B 7 RSN, KA BN N2 BB ) 2 5
WAT. B LE AR FEREE AN, BIRTK. KA G MR S EE
A FIAE, AR PUSAT S S T 97% 0L . RN IE 2 LE,
AT R H 2 g B A Tt 5 AR A 2 R ok H 2 R e KPR I .

SR B TR AR LE RS B S R, ST BORBBEIAR. W
FRN TR 2 8 1 2Lk 4% (50.56% ), 1M1 N2 ) L 28 ok 5 % 1) 32 BL1& 1% (33.54%) .
A UE N S EH AR X, AR LE )RR H 2 5E B R, HRH R
TR, FOKR N K B ) EEiR1E (39.25), KA JLE HFR 1 T Eik
% (31.68%).

S ] BRIV R A B R REOK B 6A TAR 52 3 i 3 LR (5 G
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